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Phys. Rev. D 80, 034030 (2009) 
DSSV Global Analysis: 

Quark polarization well 

measured in DIS: ~30% 

  )ΔΔΔΔΔ(ΔΔ sdusdudx

Sea anti-quark polarization not well 

constrained in polarized SIDIS  

Sea Quark Polarization 

SIDIS results depend 

on large-uncertainty 

fragmentation functions 



RHIC & AGS User's Meeting  

June 25, 2013 
4 

Probing Sea Quark Polarization in Polarized p+p Collisions 

p


p

production example at LO:  
W

Mikhail Stepanov (UMass) 

  Wdu

  Wud

 No fragmentation involved - Ws detected 

through their leptonic decay channels 

 Ws couple directly to the quarks and 

antiquarks of interest 

 Due to parity violation, perfect quark/antiquark helicity separation:         

only left-handed quarks and right-handed anti-quarks are selected 

PHENIX exploits maximal-parity violation in W ± boson 

production in longitudinally polarized p+p collisions 

 Parity Violating Longitudinal Single-Spin Asymmetry: 

 For        :         and         probed 
W u d
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Flipping the spin orientation of 

one of the colliding  protons and 

averaging over another : 
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Impact of AL measured at RHIC 

Mikhail Stepanov (UMass) 

DSSV global analysis 

DSSV global analysis  

+ simulated 200 pb−1  

W ± AL at proton-proton 

collisions in RHIC 

Phys. Rev. D 81, 094020 (2010) 

Significant impact for reducing uncertainties 



Forward (Muon) arm spectrometers: 

•  1.2 < η < 2.4 (North) 

  -2.2 < η <-1.2 (South),  = 2 

• Muon Tracker (MuTr): tracking, triggering 

• Muon Identifier (MuID): particle ID, 

triggering 

• Resistive Plate Chamber (RPC): particle ID, 

triggering 

Central arm spectrometers: 

• 2 arms: |η|<0.35, each  = /2 

• Electromagnetic Calorimeter (EMCal: PbSc, 

PbGl) with fine segmentation  ΔφxΔη~0.01x0.01: 

triggering 

• Drift Chamber (DC) and Pad Chamber (PC): 

tracking charged tracks and charge separation 

• VTX detector (commissioned in 2011) 
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W ± Measurements in PHENIX 

   
  eWpp

Mikhail Stepanov (UMass) 

  Wpp
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 In Run 2012 510 GeV 

longitudinally polarized 

p+p collisions, PHENIX 

recorded  larger data 

sample with improved 

polarization in comparison 

to Run 2011 and Run 2009 

(Note: recorded luminosity 

within |z-vertex|<30 cm) 

Year s (GeV) ∫Ldt (pb-1) Pol. (%) LP2 (pb-1) 

2009 500 8.6 39 1.3 

2011 500 16 48 3.7 

2012 510 30 55 9.1 

PHENIX Run 2012 

Mikhail Stepanov (UMass) 

 Run 2009 p+p: First W ± measurements in Central Arm at mid-rapidity 

(AL and cross section) 

 Run 2011 p+p: First W ± measurements in Forward (Muon) Arms at 

forward/backward rapidities (AL and cross section) 
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  eWpp

Mikhail Stepanov (UMass) 

e 
 

B


Mid-rapidity W ± Measurements: Analysis Strategy 

   |η|<0.35 

 Detect high energy e± : 

•  Trigger: EMCal 4x4 Tower Sum  

(fully efficient above 12 GeV) 

•  High energy EMCal clusters 

matched to charged tracks in DC for 

charge determination (Δϕ < 0.01 rad) 

 Isolation cut is the main background 

reducer: 

e+ 

%10
 E

  E-E

cand

candcone 

~MW /2  

Relative isolation cut: removes >10 in 

background dominated region (10-20 GeV); 

signal region (30-50 GeV) is relatively 

untouched: 

 W signal: Jacobian 
peak at ~MW /2  
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Background components 

 Irreducible Backgrounds (pass cuts) 

•  c/b decays to               relatively 

small above 30 GeV 

•                         is also small 

•                         is part of the signal 

 

  Reducible Backgrounds 

•  Cosmic rays 

•  Beam related backgrounds 

•  Photon conversions                     (before DC): 

VTX Detector increases photon conversion 

background (radiation length =13.5%) 

 ee

Xe 

eW 
  eeZ

QCD background simulation (including  

background from the VTX conversions)  

is almost ready to be finalized  –  
allow to proceed with the W ± cross-section 

measurements and will result in improved 
background estimation for AL measurements 

Mikhail Stepanov (UMass) 

~MW /2  

 W signal: Jacobian 
peak at ~MW /2  

PYTHIA+GEANT 
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VTX conversion background 
• orientation angle of the e+e- pair in the magnetic 

field (phiV) vs. apparent invariant mass mee  

 2x106 π0’s simulation  

Conversions in SiVTX 

electronics support 

z 

y 

x 

e+ 

e- 

B 

Conversion pair 

z 

x 

e+ 

e- 

B 

p  + p e- e+ phiV 



After  Isolation Cut Before Isolation Cut 

Conversions in 

SiVTX barrels 

Isolation cut reduces  

effectively identified conversions: 

Mikhail Stepanov (UMass) 
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Run 2012 Measured W+ and W- Spectra (Mid-rapidity)   

e- 

  
W+ and W- signal: 

 Jacobian peaks 

e+ 

• Background estimation: 
Fit region 10 to 69 GeV/c with a power law 

Fit region 20 to 50 GeV/c with a power law + Jacobian peak (simulation) 

• After all cuts, we have 25% background in 
the signal region for W+ 

• After all cuts, we have 42% background in 
the signal region for W- 

Mikhail Stepanov (UMass) 

• 30-50 GeV/c  –  Signal Region • 10-20 GeV/c  –  Background Dominated 
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(Note: recorded luminosity 

within |z-vertex|<30 cm) 

Year s (GeV) ∫Ldt (pb-1) Pol. (%) LP2 (pb-1) 

2009 500 8.6 39 1.3 

2011 500 16 48 3.7 

2012 510 23.7 55 7.2 

Run 2012 W± Single-Spin Asymmetry AL (Mid-rapidity) 

Mikhail Stepanov (UMass) 

• Run 2012  Beam Polarization 

uncertainty P/P = 3.4% (not 

shown) 

•  AL corrected for dilution by 

background 
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Mid-rapidity W± Single-Spin Asymmetry AL 

combined over Run 2012, Run 2011 and Run2009 

Mikhail Stepanov (UMass) 

Within uncertainties,  

AL measurements are 

consistent with the 

theoretical predictions 
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PHENIX Forward Upgrade Program 

Mikhail Stepanov (UMass) 

 B


RPC3 

Forward rapidity W ± Measurements 

     Wpp

Fully upgraded in 2012: new upgrades provide 

trigger rejection to reject low-p muons 

   1.2 < η < 2.4 (North) 

  -2.2 < η <-1.2 (South) 

• High‐pT trigger including 

RPC: small bending in 

magnetic field + timing 

(BBC/RPC) 

• Trigger on straight-line 

tracks through the whole 

muon arm 

• Muon Tracker (MuTr): 

tracking, triggering 

• Muon Identifier (MuID): 

particle ID, triggering 

• Resistive Plate Chamber 

(RPC): particle ID, triggering 

• Forward Vertex Detector 

(FVTX) 
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Understanding Forward (Muon) Arm Backgrounds 

Mikhail Stepanov (UMass) 

 Backgrounds: 

• Muon BGs: Heavy flavor, 

quarkonia (“true” muons, 

momentum smeared to high pT) 

• Hadronic BGs (“fake”) 

Transverse Momentum [GeV/c] 

Forward arm (μ±) 

W –→  
– 

W +→ + 
No Jacobian peak to help distinguish  

signal from background level 

Dominated background is from 

misreconstructed low pT hadrons 

Central arm (e±) 

PYTHIA 

PYTHIA + GEANT detector response 
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Signal Extraction in Forward Arm Analysis 

Mikhail Stepanov (UMass) 

Likelihood-based signal selection (2 steps): 

1. Pre-selection: multivariate cut using likelihood ratio 

2. S/B ratio extraction: unbinned maximum likelihood fitting 

Step 1. Multivariate cut for pre-selection 

DCAr Distribution (16 < pT < 60 GeV/c) 

W Simulation Data 

f > 0.92 

Signal and BG distributions as function 

of W likeliness f : 

Signal 
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Signal Extraction in Forward Arm Analysis 

Mikhail Stepanov (UMass) 

Step 2. Unbinned maximum likelihood fitting 

dw23 distributions (16 < pT < 60 GeV/c, f > 0.02) 

23)sin(23dw  dpT 

    ,
!

|  
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pc(xi) –  probability distribution functions extracted from 

simulation (W signal, muon BGs) and data (hadron BGs) 

using eta, dw23 (reduced azimuthal bending): 

S/B ratio was extracted minimizing likelihood function:   

 
iiix 23dw,  hadsig nnn ,,  
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S/B Ratio in Forward Arm 

Mikhail Stepanov (UMass) 

• 16 < pT < 60 GeV/c,  f > 0.92 

Extracted S/B ratios: 

Extracted S/B ratios are used 

for the dilution factor  

Factor [0.5 – 2.0] range, as a 

conservative uncertainty of the S/B  

1D projections of the 2D unbinned 

maximum likelihood fit of dw23 (top) 

and rapidity η (bottom) 
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Run 2012 Forward Rapidity W± AL 

Mikhail Stepanov (UMass) 

• Boxes are systematic 

uncertainties from background 

• Run 2012  Beam Polarization 

uncertainty P/P = 3.4% (not 

shown) 

 

• Within uncertainties, AL 

measurements are in agreement  

with the theoretical predictions 

Beam combined asymmetries 

for forward rapidity (along 

with the mid-rapidity results) 



2011: BBC<30cm 

2012: BBC<30cm 

2013: BBC<30cm 
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Run 2013 and Expectation of PHENIX W Program 
Year s (GeV) ∫Ldt (pb-1) Pol. (%) LP2 (pb-1) 

2009 500 8.6 39 1.3 

2011 500 16 48 3.7 

2012 510 30 55 9.1 

2013 510 ~156 ~54 45.5 

Mikhail Stepanov (UMass) 

Including Run 2013 data (~63% of 

luminosity goal), total luminosity  

~200 pb-1 in the 30 cm vertex 

• Analyzing fast production data 

• Run 2013 production starting 

this week 



FVTX 

FVTX 

VTX FVTX-VTX Track 

 MuTr Matching 
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Expected S/B Improvement using FVTX  

Mikhail Stepanov (UMass) 

FVTX covers 1.2 < |η| < 2.4, 2π in φ 

FVTX is expected to improve analysis 

power by: 
• Precise vertex determination 

• Better Tracking: FVTX – MuTr track 
matching (can suppress decay-in-flight 

background) 

First evaluation using two 

observables above:  

S/B improved by factor 2 

Expected better improvement when 
implementing the new multi-vertex 
finder and isolation cone cut! 

Muon Arms + FVTX W  Detection  

 FVTX was operational in Run 2012 

 Much better performance (95% 

 aliveness) in Run 2013 
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Summary 

Run 2012: 

•  PHENIX collected larger dataset than combined Run 2009 + Run 

2011, with improved polarization in comparison to Run 2011/2009 

•  Forward arm upgrade is completed 

•  In 510 GeV p+p collisions, measured W± spectra at mid-rapidity 

and AL at mid-rapidity and forward/backward rapidity 

•  Within uncertainties, AL measurements are in agreement with the 

theoretical predictions 

•  Improvement of S/B with FVTX is under development 

Run 2013: 

•  Successful high-statistics Run 2013 ended recently bringing us 

data to finalize our W measurements which will result in improved 

extraction of the flavor separated quark and anti-quark polarized 

PDFs 

Mikhail Stepanov (UMass) 


